Matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) has recently been introduced for bacterial identification. To our knowledge, this is the first study where the Biotyper 2.0 database (Bruker Daltonics) has been applied for bacterial identification in a local strain collection of molecularly defined Staphylococcus aureus. We showed that the accuracy of the Biotyper 2.0-based identification for 602 molecularly defined strains of S. aureus, irrespective of meticillin resistance, was equivalent to that of the molecularly defined reference even at a score cut-off value of 2. Also, 412 isolates of 20 different species of non-S. aureus staphylococci were all correctly identified to species level compared to the molecularly defined reference. Moreover, the MALDI-TOF MS-based S. aureus identification approach was clearly faster than more timeconsuming methods such as a molecular identification approach.
INTRODUCTION
Matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) was introduced several years ago as a new method for bacterial identification (Bernardo et al., 2002; Du et al., 2002; Edwards-Jones et al., 2000; Walker et al., 2002) . This technology was applied to selected isolates of Staphylococcus aureus and it was shown that bacterial identification using distinct protein peaks is possible. These experiments differed with regard to the matrix used for MALDI-TOF MS, the protein-extraction protocols and the bacterial culture conditions. Moreover, the use of different proteomic fingerprint ranges makes it difficult to compare the published data. For the Biotyper 2.0 identification approach, protein peaks in the mass-to-charge ratio of 3000-15 000 Da were used, most of them thought to represent ribosomal protein peaks.
Three studies with differences with regard to the study design have been described applying MALDI-TOF MS technology to more than 68 strains of S. aureus (Carbonnelle et al., 2007; Rajakaruna et al., 2009; Seng et al., 2009) . In these studies, the rate of correct identification seemed to be dependent on the underlying database and algorithm used for the identification, characterization of the strain collection as well as the investigated proteomic fingerprint range. In the first study (Carbonnelle et al., 2007) , about 70 strains were tested at a mass-to-charge ratio of 1000-11 000 Da (m/z). Instead of a commercial database, a limited number of peaks were used for an identification approach to identify S. aureus amongst other coagulase-negative staphylococci. In another study (Rajakaruna et al., 2009) , about 134 strains were tested at a mass-to-charge ratio of 500-10 000 Da using MicrobeLynx software (Waters). Four isolates were not identified (3 % mis-identification) to genus or species level (Rajakaruna et al., 2009) . In a third study (Seng et al., 2009) , the Biotyper 2.0 database (Bruker Daltonics) was applied. A rate of correct species-level identification of only 94.4 % was achieved for S. aureus (n5347 strains). However, the reference identification of S. aureus in this study was done with the Vitek 2 (bioMérieux) automated identification system. To our knowledge, ours is the first study of the evaluation of the Biotyper 2.0 database (Bruker Daltonics) where a large number of 602 consecutively collected, single-copy strains of molecularly defined S. aureus and 412 molecularly characterized non-S. aureus strains were included.
METHODS
Identification of S. aureus. In the first collection, 363 single-copy strains of meticillin-susceptible S. aureus (MSSA) were consecutively collected from January 2006 to March 2006.
S. aureus was primarily identified by typical colony morphology and the Slidex Staph Plus agglutination test (bioMérieux) or the GPI card of the Vitek 2 automated identification system (bioMérieux). The species identification of meticillin-susceptible strains was confirmed using S. aureus specific primer SA442, as described previously (Martineau et al., 1998) . All MSSA strains from the first collection were SA442-positive and were included as molecularly defined strains in this study.
All isolates from the second MRSA collection were primarily identified as described above. In addition, meticillin resistance was confirmed using a PCR for the mecA gene as described previously (Shrestha et al., 2002) . Most MRSA strains from the second collection were mecA-and SA442-positive (n5239) and were included as molecularly defined MRSA strains in this study. Four isolates were identified as non-S. aureus staphylococci and were not included. Moreover, the MRSA collection was characterized by PFGE as described earlier (Goering & Tenover, 1997) . One isolate from each PFGE group was analysed by multilocus sequence typing as described previously (Enright et al., 2000) .
Identification of staphylococci other than S. aureus. All isolates were primarily identified by the Vitek 2 automated system (bioMérieux) and collected between 2000 and 2008. The isolates were later molecularly confirmed. The molecular identification result was used as reference method. In our study, 412 single-copy isolates of molecularly defined staphylococci other than S. aureus were included. Sixty-four isolates of 20 different species were identified using amplification and sequencing of the sodA (Poyart et al., 2001) or rpoB (Drancourt & Raoult, 2002) gene. The following species were included: Staphylococcus hominis (n514), Staphylococcus lugdunensis (n512), Staphylococcus saprophyticus (n57), Staphylococcus warneri (n55), Staphylococcus capitis (n54), Staphylococcus haemolyticus (n54), Staphylococcus epidermidis (n53), Staphylococcus succinus (n52), Staphylococcus sciuri (n52), Staphylococcus arlettae (n51), Staphylococcus simulans (n51), Staphylococcus cohnii (n51), Staphylococcus lentus (n51), Staphylococcus pasteuri (n51), Staphylococcus piscifermentans (n51), Staphylococcus hyicus (n51), Staphylococcus intermedius (n51), Staphylococcus schleiferi (n51), Staphylococcus xylosus (n51) and Staphylococcus caprae (n51). An additional 348 isolates, 277 isolates of S. saprophyticus (Martineau et al., 2001) , 34 isolates of S. haemolyticus (Iwase et al., 2007) and 37 isolates of S. hominis (Hauschild & Stepanovic, 2008) , were also included as strains that had been molecularly defined by species-specific PCR.
MALDI-TOF MS. All strains were examined by MALDI-TOF MS using a Microflex LT instrument (Bruker Daltonics), Flexcontrol 3.0 software and the Biotyper 2.0 database (Bruker Daltonics). These instruments were used to calculate and process the analytical data according to the manufacturer's instructions. For sample preparation, one colony was suspended in 500 ml 70 % ethanol, and the suspension was centrifuged for 5 min at 13 000 g. The supernatant was discarded and 25 ml 70 % formic acid was added. Bacteria were gently mixed and 25 ml acetonitrile was added. The suspension was centrifuged for another 2 min at 13 000 g and 1 ml was transferred onto an MSP 96 polished steel target (Bruker Daltonics). The samples were covered with 1 ml matrix solution (a saturated solution of a-cyano-4-hydroxycinnamic acid in 50 % acetonitrile, 2.5 % trifluoroacetic acid). The analysed mass range of spectra was 2000-20 000 m/z. Each spectrum was obtained after 300 shots in an automatic acquisition mode. For the identification approach, a mass-to-charge range of 3000-15 000 Da was used.
Identification was performed in duplicate and the higher score was retained. The identification score cut-off values were applied on each measurement according to the manufacturer's instructions. According to this score system, a score of ¢2 is recommended for a probable species and a score of greater than 2.3 is recommended for a secure species identification. Two MSSA isolates with an initial score slightly below 2.0 were retested.
RESULTS AND DISCUSSION
For the identification of S. aureus, fast agglutination tests are often used. The accuracy of most of these has been questioned over time (Personne et al., 1997) , and so many of them have been increased by supplementing with more ingredients. Highly accurate molecular identification approaches have been described (Drancourt & Raoult, 2002; Martineau et al., 1998) but these are time-intensive compared to fast agglutination tests.
MALDI-TOF MS-based identification of bacteria could be an alternative to molecular tests if the test accuracy is proven. MALDI-TOF MS-based identification has been shown to be a fast and accurate technology in the identification of a variety of bacteria (Hsieh et al., 2008; Rajakaruna et al., 2009; Sauer & Kliem, 2010; Seng et al., 2009) . A MALDI-TOF MS-based fingerprint analysis using the Biotyper 2.0 database was applied in our study on 363 molecularly defined MSSA strains. A correct species diagnosis was calculated in 361 of the 363 S. aureus strains with a mean score of 2.31 (SD 0.064) according to a score cut-off value of 2.0. The minimum score was 1.986 and the maximum score was 2.498. In 2 of the 363 MALDI-TOFbased identifications, a score of below 2.0 (1.986 and 1.999) was obtained. These isolates were retested and a score of .2.0 (2.101 and 2.2) was obtained in the second measurement. The lower initial scores were interpreted as sample preparation problems, e.g. the proportion of matrix and sample in the first measurement was not optimal. No discrepant results regarding species identification were obtained between duplicates. In 144 of the 363 MSSA strains, a score of 2-2.3 was achieved. In 219 of the 363 MSSA strains, a score greater than 2.3 was achieved. The rate of correct identification to species level (relative sensitivity) of the MALDI-TOF-based method was 100 % (239 out of 239) in the MRSA strain collection with a mean score of 2.323 (SD 0.07). The minimum score was 2.054 and the maximum score was 2.461. Eighty-three of the 239 MRSA strains achieved a score of between 2.0 and 2.3, and 156 of the 239 MRSA strains achieved a score of greater than 2.3. Our data indicate that the accuracy (relative sensitivity) of the MALDI-TOF MS-based identification is equivalent to that of SA442-PCR. The epidemiological distribution of the MRSA isolates was 49 % in PFGE group 35 (ST022), 13 % in PFGE group 11 (ST225), 13 % in PFGE group 13 (ST008), 2 % in PFGE groups 1 and 7 (ST228), 4 % in PFGE group 16 (ST045) and 6 % in the other PFGE groups. The distribution of the sequence types was similar to that in previous reports.
A total of 412 molecularly defined staphylococci other than S. aureus were included to test the accuracy (relative specificity) of the MALDI-TOF MS-based S. aureus identification (Table 1) . Sixty-four strains from 20 different species were identified using amplification and sequencing of the sodA or rpoB gene (Drancourt & Raoult, 2002; Poyart et al., 2001) . In addition, 348 strains of S. haemolyticus, S. hominis and S. saprophyticus were molecularly characterized by species-specific PCRs. In particular, non-S. aureus strains that can be misidentified as S. aureus with regard to certain agglutination tests, such as S. hominis, S. saprophyticus, S. simulans, S. hyicus, S. schleiferi, S. xylosus and S. intermedius, were herein included. In the MALDI-TOF MS-based identification using the Biotyper 2.0 database, none of the 412 molecularly defined staphylococci other than S. aureus were identified as S. aureus. Moreover, all of the non-S. aureus staphylococci were identified correctly to species level compared to the molecularly defined reference. A similar result of high accuracy of the identification of non-S. aureus strains has been shown previously by others (Dupont et al., 2009) . The mean time to result for our species-specific PCR was 2 h and 32 min, similar to the time taken for an automated identification, e.g. the GPI card (bioMérieux). In contrast to these identification approaches, the MALDI-TOF MSbased identification was much faster with a mean time to result of 22 min (n5180 identifications).
The differences in the test accuracy in published studies using a molecularly defined reference (Carbonnelle et al., 2007; Rajakaruna et al., 2009) indicate that the accuracy depends on the applied databases and algorithms, more so than on the MALDI-TOF MS technology itself. The lower rate of 94.4 % correct identifications in a previous study using the Biotyper 2.0 database (Seng et al., 2009) could be explained by differences in the sample preparation and acquisition, reference method and in the study design. Similar to another study (Carbonnelle et al., 2007) , the identification of S. aureus to species level was possible in all cases within the tested group of staphylococci. In the aforementioned study, a non-commercial database was used and only a limited number of peaks were picked manually. In a further study (Rajakaruna et al., 2009) , in which a molecularly defined reference was also applied, the rate of correct species-level identification was lower than in our study. In particular, a binary classification to investigate the relative specificity in this study was missing. The Biotyper 2.0 database contains characterized isolates. Altogether four isolates of S. aureus (ATCC 33862, ATCC 33591, ATCC 29213 and ATCC 25923), seven isolates of In conclusion, our data indicate that even a Biotyper 2.0 score cut-off value of greater than 2 is accurate and equivalent to a molecular S. aureus identification. The time to result of a MALDI-TOF MS-based identification was clearly decreased from that of molecular methods. Compared to the fast agglutination tests for S. aureus identification, the use of the MALDI-TOF MS-based approach for a routine S. aureus identification is questionable with regard to the time consumed. However, our data suggest the use of a MALDI-TOF MS-based identification in favour of a molecular identification in cases where the primarily gained S. aureus identification results are questionable.
